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CERTAIN NEW RESULTS ON PLASMA CONFTNINEIJT I N  A HflJ 
~AGNrnC TRAP* 

Yu.V.Gott, M.S.Ioffe, and V.G.Teltkovskiy 
USSR Academy of Sciences, Moscow 

Tentative r e su l t s  on preventing t h e  escape of plasma f r o m  a 

magnetic trap,  by modifying the  f i e l d  configuration through 

superposition of an auxiliary conductor f ie ld ,  a r e  reported 

w i t h  comparative oscillograms f o r  t he  flux of neutral  par t ic les  

with and without an additional f ie ld .  

eliminate the extensive pulsations of plasma density near the  

w a l l s  of the  t rap,  by preventing groove-type plasma ins tab i l i -  

t i es .  The plasma l i fe t ime is  increased by enlarging t h e  

A n  auxiliary f i e l d  w i l l  

auxiliarg f i e l d  up t o  saturation, after which 

depends only  on the  hydrogen pressure. 

To prevent escape of t he  plasma, as mentioned i n  my last paper (CN-10/216) 

we attempted t o  modify the  configuration of t he  f i e l d  so as t o  obtain an in- 

crease i n  the  f i e l d  in tens i ty  (from the center of the  t rap)  not only i n  a Ion@ 

tudinal but also i n  a radial direction, without disturbing the  adiabatic proper 

t i es  of t he  trap. W e  superimposed on the  m a h  f i e l d  another f i e l d  from a syste 
I 
of conductors. 

. 
I 

I 

Since t h e  currents i n  adjacent conductors a r e  i n  opposite di- 

rect ions,  the f i e l d  has a geometry of t he  same type as in hyperbolic traps. 

f i e l d  of such a system does increase along t he  radius, but t he  l i n e s  of force 

p Report c~-10/262, presented t o  the  Conference by the rapporteur M.S.Ioff e, 
has been printed from the  sound recording. 
found on p.1108. 

W+ Numbers i n  the  margin indicate  pagination i n  the  or ig ina l  foreign text,, - ~ 

Tk 

The discussion i n  English will be 
' 6  

- 
A t rans la t ion  of the notes i s  a t  the end of this volume. 
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passing beyond t h e  a x i s  a re  curved t o  intersect  the  sidewall of the  chamber. 

It i s  therefore necessary t o  provide l t w a l l  stoppers" by making the  f i e l d  of the 

conductors so l a rge  tha t  the par t ic les  are reflected as they a r e  a t  the ends of 

t h e  t rap.  

t h e  configuration of the magnetic h e l d ,  considerable influence can be exerted 

on the  i n s t a b i l i t i e s  t ha t  were noted i n  our earlier experiments. 

These results a r e  ent i re ly  preliminary and show t h a t ,  by changing 

' 

0 > 

(Edi tor ia l  Not e )  

I should l i k e  t o  report on several experiments with a new configuration of 

t h e  m a a e t i c  f i e l d  of a t r ap  wi th  stoppers. 

only qui te  recently, so t h a t  the  resul ts  a r e  purely preliminary. 

These experiments were s t a r t ed  

Fig.1 Scheme of Foxmation of Magnetic Field 

As mentioned i n  my paper on Tuesday*, we noted d i s t inc t ly  in our e a r l i e r  

,experiments that the  plasma escaped from the  t rap  across the  magnetic f ie ld .  

The experimental data on this subject give grounds f o r  considering that this 

pscape i s  due t o  t h e  groove-type i n s t a b i l i t i e s  that may occur in f i e lds  which 
i 
kal l  off wi th  increasing distance outward from the  plasma boundary. 
I 

With this i n  mind, we attempted to  modify the configuration of t h e  f i e l d  

~o as t o  have the f i e l d  in tens i ty  increase from the center of the  t r ap  not on13 

1 
'. Paper CN-10/216: E"I.S.Ioffe and Ye.Ye.Yushmanov "Bperimental Study of Plasm 
Tnstabi l i ty  i n  a Trap with Magnetic Stoppers", THIS SUPPLEMENT 1962, P a r t  1, 

I 

P.177. 
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longitudinally but also radial ly ,  without substant ia l ly  impairing the  adiabatic 

properties of the  trap. 

Of t he  possible methods of establishing such a field,we selected the  one 

schematically shorn i n  Fig.1. I n  this scheme, coils’are used t o  generate the  

t F’ig.2 Geometry of the Magnetic F’ield 
I 
I 

- 

-in longitudinal f i e l d  with stoppers or plugs a t  the  ends. We superposed th i s  

f i e l d  wi th  a f i e l d  f r o m  a system of conductors with a current disposed along 

the  lines of force of the main  f i e l d  around the axis of the  trap. 

i s  passed i n  opposite directions through adjacent conductors, so that the  re- 

sul tant  f i e l d  has a geometry of t he  same type as  i n  hyperbolic t raps  (Fig.2). 

The current 

Here I should l i k e  t o  note that such f i e l d  schemes have been considered a t  

d i f fe ren t  times by various authors, for example by Grad e t  al. (Bibl.1) i n  a 

Paper read before the  Second Geneva Conference, by Golovin i n  his a r t i c l e  pub- 

l i shed  i n  Uspekhi Fiz.  Nauk i n  1961 (Bibl.2), and by Artsimovich i n  h i s  recent 

book (Bibl.3) f r o m  which the  diagrams in  this paper have been taken. 

I 

Since the f i e l d  of such a conductor system increases from the  a,xis along 
, 
t h e  radius, it i s  possible, by passing a suff ic ient  current through t h e  con- 

ductors, t o  compensate t h e  radial  declirie i n  in t ens i ty  of t h e  main f i e l d  /1 
~~~ ~ ~ 



I 

and cause t h a t  f i e l d  t o  increase radially. 

However, t h e  following must be borne i n  mind. When t h e  f i e l d  of t h e  con- 

ductors i s  superimposed on the  main longitudinal f i e l d ,  t h e  l i n e s  of force of 

t h e  combined f i e l d  assume a rather  i n t r i c a t e  shape. Only a re la t ive ly  narrow 

, F'ig.3 Schematic Sketch of Apparatus: 1 -  Coil f o r  generating 
t h e  magnetic f i e ld ;  2 - Vacuum chamber; 3 - T i t a n i u m  vaporizers; I ,  

> 4 - Baffle; 5 - Plasma source; 6 - Receiving electrode; 
7 - Conductors t o  generate additional--field; 8 - L k e r  ~ 

bundle of l i n e s  of force near t h e  axis w i l l  pass as before through t h e  e n t i r e  

t r a p  without s t r i k i n g  t h e  sidewalls. The lines of force that pass beyond t h e  

a x i s  w i l l  be so curved that they w i l l  ac tual ly  in t e r sec t  t h e  sidewall of t h e  

chamber. To prevent t h e  par t ic les  moving along these lines of force from hi- 

pinging on the  w a l l s ,  it is  therefore obviously necessary t o  form, by t h e  a i d  

of conductors, so-called " w a l l  stoppers" o r  plugs, i.e., t o  make the  f i e l d  of 

?he conductors so l a rge  that par t ic les  approaching t h e  w a l l  will be ref lected 

from t h e  region of t h e  in tens i f ied  f i e l d  as they are from the  regions of t h e  

h t e n s i f i e d  f i e l d  a t  t h e  ends of t h e  trap. 

, 

/ '  1 
! ,  

, 

. -  

, 

analogy with t h e  usual stopper re la t ion  CY = H. /& , w e  can introduce the  
, 1 

'concept of a wall-stopper re la t ion,  defined as follows: 

. I  
- I  - 
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i 
the  in tens i ty  ~ 

1 of the f i e l d  formed by the  conductors a t  the  points of intersect ion of t he  t r a p /  

~ where 

- 

i s  the  f i e l d  in tens i ty  a t  the center of t he  t rap  and 

sidewalls by the  lines of force. j 
I /  I 

I 

~ 

Fig.4 Oscillograms of  t he  Neutral Pa r t i c l e  Flux 

I 
I 

_ . -  

This expression shows t h e  fac tor  by which the  absolute value of the  t o t a l  - 

<f ie ld  near the w a l l  exceeds the  f i e l d  a t  the  center o f  t h e  trap. 
J ,  

The experiments were run with the aame apparatus described in my last 
& [  1 I I 
- Paper (Fig.3). 
- 1  

I 
The conductors were fed by a current of up t o  100 ka from a shock oscil- I 

I 

i 
9 

1 

Lator. 
1 
The maximum f i e l d  in tens i ty  i n  t h e  gap between the conductors i s  3500-l+OOO gaus . 

The current has the  shape of a damped sinusoid with a period of 40 msec 
" 

< (  L 

< 7  I 

W e  measured t h e  plasma l i fe t ime as a function of  t he  in tens i ty  of t h e  1 ' 1  I 

- additional f i e ld ,  holding a l l  t he  other parameters consttin+,. T h e s e  parame%em 
__ 
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were &,, U, p, and the  operating conditions of the  plasma source ( U  i s  the  

amplitude of the  pulse of the  accelerating potent ia l  and p the  pressure of 
I 

t 

F'ig.5 Plot of Correlation between Lifetime and 
Additional Field 

. .  
i 

Mg.6 Plo t  of Correlrition between Reciprocal Lifetime 
and Hydrogen Pressure 

hydrogen i n  the chamber). 

. t The l i fe t ime was found f r o m  the time rate of decrement of the  flux of f a s t  1 i 

\ !  I i 
I : ,  ; 

' 
neut ra l  par t ic les ,  obtained by charge exchange of t he  ions i n  the neutral  gas. 

I 

,, 1 Figure 4 shows oscillograms of t h e  f lux of neukrsrl particles &d.Erq?the 
1 _ _  

- __ 6 



wall a t  various values of 4 .  

Figure 5 gives the relat ion between the  l i fe t ime and &, found in working 

’ u p  t he  above oscillograms. 

Fig.? Oscillograms of Neutral Par t ic le  Flux with and 
without Additional Field 

It is obvious tha t  an increase i n  the  additional f i e l d  w i l l  cause an in- 

< 

2 -  

crease in the  lifetime, by saturation at  suf f ic ien t ly  la rge  fields.  

suggested that the  value of a t ta inable  7 in the region of saturation i s  now 

determined only  by the  mechanism o f  charge exchange and no longer by escape of 

t he  plasma from the  t rap  as a r e su l t  of i n s t ab i l i t i e s .  

It i s  
~~ 

This i s  indicated by 

the  dependence of the  l i fe t ime on the hydrogen pressure. 

Figure 6 gives the relationship between the reciprocal l i fe t ime and /10 
It w i l l  be the  hydrogen pressure i n  the range from 9 X lo-’ t o  6 X loe6 mm Hg. 

,seen from this diagram that the  experimental values of 1 / ~  cluster  about a 
j 
!straight l i n e  which, on extrapolation t a  zem pressure, passes close t o  the  

.origin of coordinates (broken l ine) .  This means that the  losses not caused by 

charge exchange, i f  any such losses  are s t i l l  present, a r e  small i n  comparison 

t o  the charge-exchange losses. 

curve of 1 / ~  plot ted against t he  pressure a t  I-b = 5000 oersteds i n  t h e  absence 

/of an additional f ie ld .  

4 

The same diagram shows, f o r  comparison, t he  

, - 
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I n  conclusion, we a l s o  present a comparison of t h e  oscillograms of t h e  

neut ra l  p a r t i c l e  f lux  with and without an addi t ional  f i e l d  (Fig.?). 

In the  case without an additional f i e ld ,  there  are osc i l la t ions  t h a t  indi- 

ca te  t he  steep pulsations i n  plasma density taking place near t h e  w a l l  of t he  

' ,trap. 
1 '  < 

In  t h e  case with an addi t ional  f ie ld ,  t he  curve i s  ra ther  smooth, indi- 

* cating t h e  absence of such pulsations. 

These a r e  t h e  experimental f a c t s  that can be established a t  present. They 

demonstrate that by changing t h e  configuration of t he  magnetic f i e l d ,  a con- 

s iderable  influence can be exerted on the i n s t a b i l i t i e s  that w e  encountered i n  

- our previous experiments. 

In  conclusion, I should l ike  t o  emphasize again that these r e su l t s  a r e  
_ I  

, I  ' en t i r e ly  preliminary, and that they might be used as basis f o r  foxmulating only 

a s ing le  de f in i t e  conclusion, namely, t h a t  it is  useful t o  carry on the  work i n  
~ 

- 

' 'this direction. 

W e  express our thanks t o  Academician L.A.Artsimovich f o r  his i n t e r e s t  i n  

this work and f o r  his valuable advice and discussion. 

BIBLIOGRAPHY 

I '  

~ 

k. Grad, H. et  al.: Proc. Pd U.N. Conf. PUAE, Vol.31, p.230, United Nations, 
! 

Geneva 19%. 

'2. Golovin, I.N.: 

1 %  

I 
I 

Usp. f iz .  nauk, Vo1.73, p.685, 1961. 

,: 3. Artsimovich, L.A. : Controlled Thermonuclear Reactions (Upravlyayeqye 

Temyadernyye Reaktsii). 

Publ. House), Moscow, 1961. 

Gosudarst. Izdatel., (S t a t e  Phys. and Math. 

~ - '. 
I 

> 2  1 


